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ABSTRACT
Cooperative decentralized control of autonomous vehicles continues to be an important research subject for many military applications. Vehicles communicate with each other and exchange information about their relative environment and use that data to develop decentralized, coordinated control policies. Communication is often represented by an graph, and information exchange is modeled by a discrete-time dynamical system, known as the information loop. When vehicles agree on the information state they have reached an information consensus. In this work a topological manifold for representing complex networks of dynamical entities is shown to be an effective way to represent non-entropic measures of information as low dimensional embeddings in a high dimensional lifted space. A 2 dimensional embedding was developed that demonstrates an efficient frontier of graphs that dominate all others in their ability to reject disturbances and converge rapidly to a consensus.
SUBJECT TERMS
Introduction
The study of information dynamics is important for understanding complex networks of dynamical systems with information flows and shared or coordinated control policies.
Information dynamics is essentially the study of information flows in a network when modeled as a discrete-time dynamical system. Control policies that shape the dynamics of the information flows in-turn shape the system dynamics of the physical entities within the network Conditional convergence for a discrete LTI system is given as follows: G has exactly 1 eigenvalue λ 1 =1 with eigenvector 1 N , all other eigenvalues are strictly within the unit disk.
Conditional convergence is equivalent to "consensus" for an LTI information dynamical system.
Define the block diagonal matrix (2)
If Q meets conditional stability (simple eigenvalue of 1, all others within unit disk) then p* is guaranteed to converge to Now define generalized convergence rate as: 
The maximal convergence ε* can be found over all strongly connected graphs by solving a quadratic optimization program. It was also proven that only the complete graph has the fastest convergence, ε=1.
Stability Margin
To obtain a measure of stability margin without resorting to gain and phase margins, we first obtain a closed loop transfer function by taking Z-transform as:
The open loop (forward path) transfer function is then:
Now compute the inverse of the sensitivity function (defined as the magnitude of this vector from -1 to the closest point on the Nyquist curve plotted for the open loop transfer function):
From this the stability margin is defined as:
Which again is easily computed for low order controllers (M=0,1,2) but not so easily for higher Now we turn to constructing the 2-dimensional manifold or efficient frontier of convergence rate and stability margin. For a graph G, we can formulate the following constrained optimization problem:
Which has a solution that optimizes controller gains a j and b j to find the maximal stability margin δ * G(ε) for ε ∈ (0,ε * ]. This is the efficient frontier.
Results.
An efficient frontier was computed for the example graphs in Figure 1 . The results are in Figure   2 and 3. and undirected communication graphs, they have been evaluated numerically. The result that the complete graph has the highest convergence rate and the best efficient frontier can be related to the fact that the normalized adjacency matrix of the complete graph has the minimal number of distinct eigenvalues. In other words, the more distinct eigenvalues the normalized adjacency matrix of a graph has, the more constraints on control gains in the information loop are imposed, and consequently, the lower maximal convergence rate and maximal stability margin are. The complete graph is the primal choice for vehicle communication. However, if for some reason, it cannot be afforded, numerical results show that the "star" graph is the next best choice.
